Background: Several studies have documented prolonged colonization with hospital-acquired methicillinresistant Staphylococcus aureus (MRSA) after hospital discharge. However, information is lacking about factors associated with prolonged MRSA colonization and MRSA transmission to household contacts. Methods: From February 2003 to March 2004, adult inpatients (except obstetric patients) were screened for MRSA carriage before discharge to home health care. Bivariate and multivariate analyses were performed to evaluate rates and risk factors of MRSA carriage at discharge, MRSA clearance within 1 year, and MRSA transmission to household contacts.
M

ETHICILLIN-RESISTANT
Staphylococcus aureus (MRSA) is common in hospitals in most countries. 1 The incidence of MRSA infection is increasing, and new patterns of spread are emerging. Thus, in the last decade, community-acquired MRSA strains have caused hospital outbreaks and sometimes replaced older strains previously responsible for hospitalacquired MRSA infections. 2, 3 Conversely, hospital-acquired MRSA strains can spread outside the health care system. Several studies have found prolonged carriage of hospital-acquired MRSA after discharge. 4, 5 Patients with major health problems are increasingly discharged to home health care, which creates new op-portunities for the transmission of hospitalacquired MRSA. 6, 7 Anecdotal reports and a retrospective study 8 have documented transmission of hospital-acquired MRSA from discharged patients to household contacts. However, no information is available on the rate or risk factors of MRSA transmission to household contacts. 9 The objectives of the present prospective multicenter study were to determine (1) the prevalence and risk factors of hospitalacquired MRSA carriage at hospital discharge to home health care; (2) the duration of hospital-acquired MRSA carriage and the factors associated with clearance within 1 year; and (3) the rate and risk factors of MRSA transmission to household contacts. pitals in the Paris area that provides primary and tertiary care to 15 million people. The AP-HP home health care system has 16 coordinating units and 50 nurses who arrange admissions to home health care and determine home health care needs with the attending physicians. There are 25 home health care units with 210 nurses and about 6800 admissions per year (excluding obstetric patients). The mean (median) duration of home health care in 2002 was 27.3 (23.8) days.
All 16 coordinating units and 25 home health care units agreed to participate in the study. From February 2003 to March 2004, the coordinating units required MRSA screening of patients scheduled for discharge to home health care. Informed consent for MRSA screening was waived by the institutional review board because MRSA screening was considered a component of standard care and of an institutional MRSA-control program.
PATIENTS AND HOUSEHOLD CONTACTS
All patients admitted to AP-HP hospitals for longer than 48 hours and scheduled for discharge to home health care were screened for MRSA carriage within 3 days before discharge. Patients were not eligible for screening if they were younger than 18 years or were admitted to home health care for obstetric care or after outpatient evaluation or inpatient care for less than 48 hours. Screening samples consisted of a nasal swab and swabs of any chronic skin lesions.
Patients with positive MRSA findings were eligible for the study. A study physician visited the patient at home within 1 to 7 days after discharge to home health care and asked for informed consent. Exclusion criteria were consent denial and hospitalization or death before the study inclusion visit. Included patients are called index patients hereinafter. Household contacts were individuals spending at least 8 hours per day in the same home as the index patient. Their informed consent was sought during the home visit for inclusion of the index patient. The only exclusion criterion for household contacts was consent denial.
MRSA SURVEILLANCE
Carriage of MRSA by the index patients was monitored for 1 year or until the organism was cleared. Home health care nurses collected surveillance samples and recorded clinical data within the first month after hospital discharge and then once a month until discharge from home health care. Subsequently, a study nurse obtained surveillance samples every 3 months. Surveillance samples included a nasal swab and swabs of any chronic skin breaks. If surveillance cultures were negative for MRSA, a second set of surveillance samples was tested 1 week later, with negative results defining MRSA clearance and ending the study in that patient. Decontamination of MRSA carriers with mupirocin or other agents was not used.
A nasal swab was obtained from included household contacts at the same times as the surveillance samples were obtained from the index patient. No effort was made to confirm MRSA carriage in a previously negative household contact or to confirm MRSA clearance in a previously MRSA-positive household contact. Household contact surveillance was stopped if MRSA clearance occurred in the index patient or the patient left the study for another reason (death, acute-care hospitalization, or withdrawal at patient's request).
CLINICAL STUDY VARIABLES
For eligible patients, the following information was abstracted from the medical record created for home health care admis-sion: age, sex, presence of chronic skin lesions, Karnofsky score, 10 date of hospital admission, and main diagnosis.
For included patients, the following data were recorded at the first home visit by the study physician: date of home health care admission, Karnofsky score, need for help with daily activities (eg, housework, shopping for food, and meal preparation), presence and type of chronic skin breaks, presence of invasive devices (eg, urinary devices, central or peripheral venous catheters, and gastric tubes), parenteral treatment if any, immunosuppression if any, current antibiotic treatment, and number of household contacts. During subsequent home visits, the following information was obtained: Karnofsky score, presence and type of chronic skin breaks, presence of invasive devices, parenteral treatment or antibiotic treatment since the previous visit, and full-time hospitalization since the previous visit.
For included household contacts, the following information was obtained at inclusion: age, sex, employment in a health care facility, relation to the index patient (partner or spouse, parent, child, other), whether he or she shared the same bedroom and bed as the index patient, and whether he or she provided health care to the index patient, eg, personal hygiene assistance.
MICROBIOLOGICAL TESTS
Swabs were spread on Chapman agar incubated at 37°C in aerobic atmosphere for 24 to 48 hours. Colonies suspected to be S aureus (ie, positive findings in the mannitol test) were identified using the coagulase test and tested for antibiotic susceptibility using the agar disk diffusion method, interpreted as recommended by the French Antibiogram Committee (http://www .sfm.asso.fr). Staphylococcus aureus was categorized as susceptible to methicillin if the inhibition zone diameter around the cefoxitin disk (30 µg) was 27 mm or larger and as resistant to methicillin if the diameter was smaller than 25 mm. If the diameter was 25 or 26 mm, additional tests were performed to detect either the mecA gene 11 or penicillin binding protein 2a production.
STATISTICAL ANALYSIS
The prevalence of MRSA carriage was estimated as the proportion of patients who had MRSA in nasal swabs and/or chronic skin lesion swabs among all eligible patients with at least 1 screening sample (nasal and/or chronic skin lesion). We used the t test and 2 test to compare age, sex, and presence of chronic skin lesions in screened and unscreened eligible patients. The prevalence of MRSA carriage was also estimated in a subsample of patients with both a nasal swab and swabs of any chronic skin lesions.
Variables associated with MRSA carriage were identified using logistic regression on data from all eligible patients who had at least 1 screening sample. Bivariate analyses were performed to identify variables with P Ͻ .20. These variables were entered into a backward stepwise multivariate model.
The Kaplan-Meier survival curve of MRSA carriage after hospital discharge was plotted in the overall population of index patients. Patients with persistent MRSA carriage were censored at death, hospitalization, or consent withdrawal or 12 months after hospital discharge, whichever occurred first. Median time to MRSA clearance was estimated from this survival curve. Factors predicting the time to MRSA clearance were looked for in the same patient population using a Cox model with both baseline variables and time-dependent covariates. Time dependent covariates were analyzed as yes/no covariates, starting at the value at the time of hospital discharge and then changed, if needed, at the time of follow-up visits (every month until clearance or loss to follow-up). After bivariate analyses to identify factors with PϽ.20, these factors were entered into a backward stepwise multivariate model.
Transmission of MRSA was defined as any MRSA-positive swab in any household contact during the study. Factors associated with MRSA transmission were identified using logistic regression. After bivariate analyses, 2 backward stepwise multivariate analyses were performed, one including household contact variables and the other, index patient variables identified by bivariate analyses. These 2 analyses identified factors independently associated with MRSA transmission, which were then entered into a final backward stepwise multivariate model. Statistical analyses were performed using SAS software, version 9.1 (SAS Institute Inc, Cary, North Carolina).
RESULTS
MRSA CARRIAGE
During the 14-month study period, 3216 patients were admitted to home health care, including 2025 who were eligible for the study. Of these 2025 patients, 1501 had at least 1 MRSA screening sample before hospital discharge (74.1%). Figure 1 shows reasons for ineligibility or absence of predischarge screening. Patients with and without predischarge screening were not different in age, sex, or presence of chronic skin lesions (data not shown).
Of the 1501 patients with at least 1 screening sample, 191 had MRSA (12.7%; 95% confidence interval [CI], 11.0%-14.5%). The distribution of screening specimens is summarized in Table 1 . Of the 1182 patients with full screening sample sets (nasal swab plus skin swab of any chronic lesions), 143 had MRSA (12.1%; 95% CI, 10.3%-14.1%). Among the 1501 screened patients, 822 had chronic skin lesions (55%), of whom 568 had swabs taken from those lesions, which showed MRSA in 120 (21.1%; 95% CI, 17.8%-24.5%). Of the 679 patients without skin lesions, 35 had MRSA in nasal swabs (5.2%; 95% CI, 3.5%-6.9%).
FACTORS ASSOCIATED WITH MRSA CARRIAGE AT ADMISSION TO HOME HEALTH CARE
The 191 patients with MRSA carriage before hospital discharge were compared with the 1310 noncarriers. Presence of chronic skin lesions, older age, worse Karnofsky score, and longer hospital stay were associated with MRSA carriage in bivariate analyses. There was a significant association between the main diagnosis and MRSA carriage ( Table 2 ).
In the final multivariate analysis (Table 2) , factors independently associated with MRSA carriage at hospital discharge were chronic skin lesions (adjusted odds ratio [aOR], 3.5; 95% CI, 2.3-5.2) (PϽ.001), older age (aOR for each additional decade, 1.2; 95% CI, 1.1-3.1) (P=.003), longer duration of hospital stay (aOR for each additional 10-day period, 1.1; 95% CI, 1.05-1.14) (PϽ.001), neurologic main diagnosis (aOR, 5.4; 95% CI, 2.5-11.4) (P Ͻ.001), and cardiovascular or other main diagnosis (aOR 2.7; 95% CI, 1.3-5.7) (P =.008).
FOLLOW-UP OF MRSA CARRIERS
Of the 191 MRSA carriers at hospital discharge, 148 were included ( Figure 1 ). Among them, 137 had nasal swabs and swabsofanyskinlesionstakenwithinthefirstmonthofhome health care. The remaining 11 patients were readmitted or died before collection of the first sample and were censored at time 0 in the survival analysis of MRSA clearance.
The 148 included patients had a mean (SD) age of 70 (15) years. There were 73 men (49%), 126 patients with skin lesions (85%), and 9 patients with immunosuppression (6%). Clearance of MRSA occurred within 1 year of hospital discharge in 75 of the 148 patients. Of the 73 remaining patients, 29 had MRSA-positive samples at the end of the study period; 37 were withdrawn from the study because they died or required long-term hospital admission; and 7 withdrew their consent to the study. Figure 2 shows the survival curve of MRSA carriage over time. The estimated mean time to MRSA clearance, estimated from the Kaplan-Meier survival curve, was 246 days (95% CI, 222-270 days), and the median time was 282 days (95% CI, 233-313 days).
In the bivariate survival analysis, the only baseline variable associated with MRSA clearance was selfsufficiency in daily activities ( Table 3) . No timedependent covariate was associated with MRSA clearance.
In the final multivariate model, only self-sufficiency in daily activities was associated with MRSA clearance (hazard ratio, 0.63; 95% CI, 0.40-1.00) (P = .049).
HOUSEHOLD CONTACTS
There were 213 household contacts for the 148 included patients (1.4 per index patient), of whom 188 agreed to participate in the study. Their mean (SD) age was 51 (24.5) years (age range, 1-89 years); 84 were male (45%), and 4 worked in health care facilities (2%). Their relationship to the index patient was partner or spouse in 85 cases (45%), child in 53 cases (28%), parent in 8 cases (4%), and other in 42 cases (22%). Only 25 household contacts shared the same bed (13%), and 20 others the same bedroom (11%) as the index patient; 112 provided health care to the index patient (60%).
Of the 188 household contacts, 36 acquired MRSA (19.1%; 95% CI, 13.8%-25.5%). None of these MRSA-positive contacts experienced MRSA infection. Of the 137 observed index patients, 32 had 1 MRSA-positive contact, and 2 had 2 MRSA-positive contacts. The prevalence of MRSA carriage in the 36 MRSA-positive household contacts was higher within the first 59 days after the index patient returned home (26 of 35, 75%) than between days 60 and 89 (18 of 29, 62%), days 90 and 120 (20 of 36, 56%), days 130 and 209 (13 of 25, 52%), days 210 and 269 (9 of 17, 53%), or days 270 to 365 (7 of 15, 50%). Of the 36 MRSA-positive household contacts, 33 had at least 2 MRSA-positive screening swabs, and 26 had persistent MRSA carriage defined as at least 2 consecutive positive screening samples. Thirteen household contacts had at least 3 MRSA-positive screenings, and 4 were persistent MRSA carriers throughout the study period. The 36 household contacts who acquired MRSA were compared with the 152 household contacts with no MRSApositive screening samples ( Table 4 ). In the bivariate analyses, household contact-related variables significantly linked to MRSA acquisition by household contacts were older age, being the spouse or partner of the index patient, and providing health care to the index patient; and index patientrelated variables were older age and worse Karnofsky score.
In the first multivariate model including household contact-related variables, older age (aOR, 1.71; 95% CI, 1.32-2.21) (PϽ.001) and providing health care to the index patient (aOR, 3.58; 95% CI, 1.33-9.62) (P = .01) were associated with MRSA transmission. In the second multivariate model including index patient-related variables, older age was the only variable associated with MRSA transmission (aOR, 1.82; 95% CI, 1.26-2.62) (PϽ.001). In the final model including significant variables in either of the 2 previous models, only age of the contact (aOR, 1.71; 95% CI, 1.32-2.21) (P=.001) and providing health care to the index patient (aOR, 3.58; 95% CI, 1.33-9.62) (P=.01) were significantly associated with MRSA transmission.
MICROBIOLOGICAL TESTS
The MRSA isolates of index patients and of their household contacts had identical antibiotic susceptibility patterns. These susceptibility patterns were typical for hospitalacquired MRSA strains. 
COMMENT
In this large, multicenter, 1-year study, the prevalence of MRSA carriage was high (12.7%) at discharge to home health care; MRSA carriage was prolonged; and transmission to household contacts was common (19%), particularly in older contacts who provided health care to the index patient. The high rate of MRSA carriage can be ascribed to the characteristics of our study population, which included advanced age, low Karnofsky scores, a mean 4-week hospital stay before discharge to home health care, and chronic skin lesions in about half the patients. All of these characteristics are known risk factors for MRSA acquisition. 12, 13 Among them, older age, longer hospital stay, and presence of chronic skin lesions were associated with MRSA carriage. The 12.7% prevalence of MRSA carriage among our home health care patients may not reflect the prevalence among all patients receiving home health care. We studied patients who had been hospitalized. Conceivably, patients admitted to home health care after outpatient evaluation (most of whom are patients with cancer in our home health care system) may have lower prevalences of MRSA carriage. In addition, we did not include obstetric patients.
Of the 148 patients included in the follow-up study, 55% cleared the MRSA within the 1-year study period, the estimated median duration of MRSA carriage being 282 days. This proportion is similar to that found in another study by our group 5 in which we surveyed MRSApositive patients at readmission to our hospital. In the present study, the only factor associated with persistent MRSA carriage was lack of self-sufficiency in daily activities. Chronic skin lesions were common in index patients, which resulted in low power for detecting an influence of this factor on persistent MRSA carriage.
We found that 19% of household contacts acquired MRSA at some time during the study period, in keeping with findings from a retrospective single-center study. 8 Variables independently associated with MRSA transmission to household contacts were older age of household contacts and providing health care to the index patient. Age of the index patient and age of the household contacts were closely correlated, and being the spouse or partner of the index partner was associated with MRSA acquisition in the bivariate analysis. Further work is needed to determine why older age was associated with MRSA transmission. Older age may merely reflect a greater need for help with personal hygiene and therefore greater opportunities for transmission.
Providing health care to the index patient increased the risk of MRSA transmission. Sharing the same bed or bedroom, in contrast, was not associated with MRSA transmission. Thus, MRSA may be preferentially transmitted to contacts who are at high risk for hand contamination during care procedures. Therefore, household members should observe the same recommendations as health care workers do, most notably regarding hand hygiene. 14 None of the household contacts in our study experienced infection due to MRSA. Whether acquisition of nasal carriage of hospital-acquired MRSA by household con-tacts constitutes a public health problem requires further investigation. Infection with hospital-acquired MRSA has been described in health care workers and household contacts. 15 However, the number of cases is small compared with the increasing dissemination of communityacquired MRSA. Whether recommendations for stopping the transmission of hospital-acquired MRSA in the home health care setting are valid for communityacquired MRSA carriers is unclear. Most of the index patients in our study were older individuals, and many had chronic skin lesions. By contrast, community-acquired MRSA carriage has been reported in younger individuals without underlying diseases.
Our study has several limitations. First, only 61% of patients with chronic skin lesions had a complete screening set at hospital discharge, possibly resulting in failure to identify potential index cases. Second, most of our index patients were older individuals with severe disabilities. We did not include obstetric patients or patients admitted to home health care after outpatient evaluation. In these 2 populations, the prevalence of MRSA carriage at home health care admission may be lower than in our study population. Similarly, the duration of MRSA carriage may be shorter and transmission to household contacts less likely when the index patients are younger, self-sufficient individuals. Third, index patients who were readmitted during the study were censored at the time of readmission. Therefore, we could not determine whether these patients were at high risk for MRSA infection, as suggested by other studies. 16 Fourth, we were not able to establish the role of systemic antibiotics for MRSA eradication in index patients owing to the small number of patients receiving antibiotic treatment. Finally, we did not use molecular analysis to confirm that the MRSA strains acquired by contacts were identical to the strains in the corresponding index patients. However, the antibiotic susceptibility patterns were the same. Furthermore, only 4 of the 188 household contacts were health care workers, and none of these 4 were colonized with MRSA.
In conclusion, colonization with hospital-acquired MRSA was common at hospital discharge to home health care, and transmission of the organism occurred in about one-fifth of household contacts. However, since no household contact developed MRSA infection, and only 4 were persistent MRSA carriers, the risk for further propagation of infection by household members appears to be small. Funding/Support: This study was supported by grants P020408 and COL02009 from the Programme Régional de Recherche Clinique, Direction de la Recherche Clinique, AP-HP, Paris, France (a publicly funded nonprofit organization). Previous Presentation: This study was presented in part at the 45th Interscience Conference on Antimicrobial Agents and Chemotherapy; December [16] [17] [18] [19] 2005 ; Washington, DC.
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